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876 The Journal of Thoracic and Cardiovascular SurgPatients with transposition of the great arteries (TGA) and
ventricular septal defect (VSD) have worse long-term
outcomes as a result of early congestive heart failure and
accelerated pulmonary vascular obstructive disease. The
presence of multiple VSDs predisposes toward higher mor-
bidity and mortality relative to a solitary VSD.1 Pulmonary
arterial banding (PAB) before an arterial switch operation is
an independent risk factor for neoaortic valve insufficiency
and aortic root dilation complicating reconstruction.1-2subpulmonary ventricular septal defect, 2 midmuscular ventricular septal
amber echocardiogram after complete repair shows 3 small midmuscular
efect.
ery c March 2013
FIGURE 2. A, Arrow indicates a 4-mm Gore-Tex band around the left
pulmonary artery. B, Arrow indicates a 4-mm Gore-Tex band around the
right pulmonary artery. (Pictures are taken at the time of band removal
and arterial switch operation.)
Surgical TechniquesAfter the operation, false aneurysms form along the suture
lines.1 Some surgeons will perform arterial switch operation
and PAB, however, if data suggest a significant residual
shunt coming off cardiopulmonary bypass.1 We describe
the use of a 2-stage procedure with bilateral PAB in a neo-
nate with TGA and multiple VSDs, or ‘‘Swiss cheese’’
ventricular septum.
CLINICAL SUMMARY
A term male neonate (3.05 kg) was seen with preductal
and postductal oxygen saturations of 85% to 86%. The ini-
tial echocardiogram confirmed dextro-TGA, large subpul-
monary VSD with inlet extension, small atrial septal
defect (ASD), possible attachment of the mitral valve to
the septal crest, and a mitral valve cleft. There was laminar
flow across a midmuscular VSD at the moderator band, and
several apical and muscular defects were present. No asso-
ciated arch obstruction was noted (Figure 1, A).
A balloon atrial septostomy was performed on the 5th
day after birth to improve atrial level mixing. Because of
the risks of a neonatal repair for multiple muscular and
apical VSDs, as well as the possibility of a straddling mitral
valve, we decided to perform bilateral PAB and delay defin-
itive repair until the age of 6 or 7 months.The Journal of Thoracic and CaOn the 12th day after birth, 3-mm wide bands from
a 3.5-mm Gore-Tex shunt (W. L. Gore & Associates, Flag-
staff, Ariz) were prepared and were placed through median
sternotomy, as is our usual approach for babies smaller than
3.0 kg. This resulted in significant hypoxia, and 4-mm
bands of similar width were placed. The oxygen saturations
stabilized at 79% to 82%. The left band was secured at the
takeoff from the main pulmonary artery (Figure 2, A), and
the right was secured between the aorta and superior vena
cava (Figure 2, B), with sutures into the adventitia to avoid
migration.
Complete repair was undertaken at 7 months of age,
when the patient’s weight was 7.57 kg. A preoperative echo-
cardiogram confirmed normal function, straddling mitral
valve, pulmonary valve competency, left ventricular mass
z score of 0.62, a 47.9–mm Hg gradient across the right
band, a 41–mm Hg gradient across the left band, and bidi-
rectional flow across the VSDs. At surgery, the bands
were removed easily without injury, and the pulmonary
arteries did not require surgical augmentation. The VSD
patch baffling the left ventricle to the aorta was placed be-
hind crossing chordae to septate the septum. The remaining
VSDs were sutured closed with either simple 5.0 Prolene
(Ethicon, Inc, Somerville, NJ) or pledgeted 5.0 Prolene
sutures. The atrial septal defect was closed with a Gore-
Tex graft. The arterial switch operation proceeded without
incident, and the child was weaned from bypass easily on
milrinone. Several direct measurements in the operating
room on 50% oxygen revealed a maximum residual ratio
of pulmonary to systemic blood flow of 1.7. The child
recovered uneventfully and was discharged home. Follow-
up echocardiography at 15 months showed good biventric-
ular function, trivial gradients across the branch pulmonary
arteries, and 2 restrictive apical muscular VSDs. Right ven-
tricular pressure was estimated at 24 mm Hg (Figure 1, B).
DISCUSSION
Within the last decade, there has been interest in bilateral
PAB used with ductal stenting to palliate hypoplastic left
heart syndrome, avoiding cardiopulmonary bypass and pos-
sible circulatory arrest in neonates.2-4 No current reports
exist of neoaortic valve incompetence after a 6-month pal-
liation with bilateral PAB. This may be related to the dura-
tion that the bands are in place or to the increased distance
of bilateral PAB from the valve apparatus. Because the re-
ported experience is largely in patients followed up through
a 6-month period, we timed our repair at 7 months of age.
Bilateral PAB has been reported in other complex
2-ventricle circulations when palliation is considered to
enable more durable and complete biventricular repair
outside the neonatal period.4 Results in short and midterm
series of such patients have shown neither significant
change in the pulmonary trunk3 nor increase in valvular
insufficiency.2-3rdiovascular Surgery c Volume 145, Number 3 877
Surgical TechniquesWe chose bilateral PAB to minimize risks of complete
repair of multiple VSDs in the neonatal period and to reduce
potential complications of neoaortic valve insufficiency or
root dilation. Palliation can improve physiology, cause
some VSDs to close or become restrictive, allow easier
technical repair of remaining VSDs, and limit aortic valve
insufficiency and root dilation. Recently, the use of Amplat-
zer septal occluder devices (St Jude Medical, Inc, St Paul,
Minn) has been described in older children with multiple
VSDs5; however, there have been no reports involving neo-
nates. The staged approach described here may be a viable
low-risk alternative for patients with TGA and multiple
midmuscular and apical VSDs.From the Meijer Heart and Vascular Institute, Spectrum Health, Grand Rapids, Mich.
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device exchangeTomasz A. Timek, MD, Robert L. Hooker, MD, Asghar Khaghani, MD, and William Merhi, MD, Grand
Rapids, MichAlong with the increasing use of long-term destination ther-
apy with left ventricular assist device (LVAD) support has
come an increasing incidence of pump thrombosis and an
anticipated growing need for pump exchange in high-risk
patients. Pump exchange is complicated by multiple patient
comorbid conditions and previous cardiac surgical proce-
dures. We describe here a novel hybrid technique for
pump exchange avoiding a resternotomy.
CLINICAL SUMMARY
An 80-year-old man with a HeartMate II LVAD (Thora-
tec Corporation, Pleasanton, Calif) that had been implanted
in June of 2008 was seen in 2011 with fatigue, lightheaded-
ness, and palpitations. LVAD interrogation revealed flows
of 12 to 15 L/min, with increase in power to 12 to 17W. De-
spite intensified anticoagulation and eptifibatide infusions,
the patient had multiple admissions for hemolytic anemia
and pump thrombosis. He was evaluated for pump replace-
ment; however, this procedure was refused at 2 centersbecause of his advanced age and severe chronic obstructive
pulmonary disease (forced expiratory volume in 1 second of
1.2 L). The outflow graft of the device was directly behind
the sternum, and the patient also had severe bullae sur-
rounding his outflow graft, preventing a thoracotomy. A hy-
brid surgical interventional approach was therefore
undertaken. Surgery was performed in a hybrid operating
room with the patient under general anesthesia and with
transesophageal echocardiographic monitoring. With the
patient in the supine position, preparation for cardiopulmo-
nary bypass was performed through direct right common
femoral artery (19F cannula) and vein (22F cannula) cannu-
lation. Percutaneous access was gained in the left femoral
artery with a 12F sheath. Incisions were made subxiphoid
in the midline for access to the outflow pump connection
and left subcostal for access to the inflow connection
(Figure 1). Subsequently, full cardiopulmonary bypass
was initiated, with decompression of the heart visualized
by transesophageal echocardiography. A 20- 3 40-mm
Z-Med balloon (B. Braun Interventional Systems Inc, Beth-
lehem, Pa) was then advanced retrograde into the outflow
graft. Balloon inflation resulted in complete occlusion of
the outflow graft and facilitated pump exchange (Figure 2,
A). Extensive mobilization of the threaded pump connec-
tions was not needed because of endovascular control of
the outflow graft, minimizing surgical trauma. The drive
line of the original device was mobilized through the surgi-
cal incision and subsequently transected in the field at ex-
plantation. The drive line of the new device was tunneledery c March 2013
